Low-molecular weight heparins (LMWHs) are used as effective and safe alternative anticoagulants to unfractionated heparin (UFH) in surgery. Argatroban is an important example of such kind of anticoagulant and is the most-used anticoagulant in surgery after UFH. This is first 
Introduction
In the cases of venous thromboembolism, anticoagulation has been established into the standard format at clinical assay levels. For example, anticoagulant unfractionated heparin (UFH) is adjusted via the activated partial thromboplastin time (aPTT) assay. Lowmolecular weight heparins (LMWHs) have been employed as the substitute to UFH and are comparatively effective and safe in the treatment of deep-vein thrombosis and pulmonary embolism.
LMWHs vary from standard UFH because they have a higher ratio of anti-factor Xa to anti-factor IIa activity. They are easy bioavailable, and they have longer plasma half-life and a more predictable anticoagulant response. Furthermore, they have less adverse after- for monitoring all anticoagulants 3, 4 and to reduce the flaws of aPTT [5] [6] [7] [8] [9] [10] .
QCM has potential for pharmaceuticals 11 and clinical applications 12, 13 due to its cost-effectiveness on comparing to its counterpart sensor platforms 14 . 
Instrumentation
Spin-coater (Spin150-v3, Semiconductor Production Systems, 
Polymer synthesis
Polymer synthesis and surface morphological studies have been explained in the recent report 21 . Briefly, 50 µL DMF, 70 µL DVB, 50 µL acetone, 1 mg AIBN and 30 µL VP was taken in the reaction vial and mixed thoroughly. The mixture was incubated under UV lamp for polymerization for 23 minutes. The polymer was confronted to dilution with 700 µL acetone.
Polymer thin films
Quartz crystals were washed by using N-methyl pyrrolidone followed by cleaning with acetone. After cleaning, the electrodes of quartz crystals were spin coated with 12 μl of polymer at the speed of 6000 rpm for 90 seconds. A layer height of 10 nm of polymer coating on each quartz crystal was measured on QCM-D (qCell T). After spin coating step, quartz crystals were incubated under UV for 2.5 h to achieve rigid, hardened and dry thin films for coagulation measurements. Quartz crystals were either stored in desiccator or employed for coagulation measurements on QCM-D.
Human plasma samples
The human whole blood samples from healthy donors were donated by the University hospital of Tuebingen, Germany for present studies. These samples were obtained in syringes possessing 1.0 ml of 0.106 mol l -1 citrate as preservative. These blood samples were centrifuged at the speed of 2500 x G at 25°C for 15 minutes for obtaining platelets poor plasma (PPP).
aPTT and PiCT measurements on QCM-D
A stable baseline for each quartz crystal was achieved on QCM-D at 37 °C for coagulation measurements. Plasma samples of healthy donors were induced with 0.00, 1.00, 2.00 and 3.00 µg/mL doses of argatroban. 5 µl of activator (either aPTT or PiCT) in an Eppendorf was subjected to incubation at 37 °C for one minute and 5 µl of plasma was mixed into it. The mixture was again subjected to aPTT and PiCT coagulation were carried out on mechanical coagulometer at the same time by employing 50 µl of sample/reagent volumes by keeping same incubation times and mixing ratios.
Results and Discussion
QCM technique is gaining popularity due to its ultra-sensitive 22 properties for mass, viscosity or density of liquid media. QCM yields sensor responses in the form of frequency and dissipation shifts 23, 24 .
aPTT and PiCT exemplary measurements on QCM-D
After studying the surface morphology, quartz crystal thin films were Additionally, argatroban doses affect the kinetics in the perspective of aPTTs and PiCTs as well as total coagulation points. Visco-elastic and hydrophobic characters of sensor thin film contributed substantially to the results of these points.
QCM-D measurements vs 'gold standard' measurements
In the next step, the QCM-D platform has been applied for 20
samples of human plasma and compared with 'gold standard' mechanical coagulometer. Application to more samples is necessary due to extremely complex nature of human plasma 26 . In this regard, 
'Relative standard deviation' comparison
For further comparison, 'relative standard deviation' (%RSD) data of aPTT and PiCT for argatroban is substantial for both platforms. For both techniques, the %RSD data for aPTT has been demonstrated in Figure 4A , while the %RSD data for PiCT data has been demonstrated in Figure 4B . aPTT on both platforms for plasma with different argatroban doses produced %RSD values between 4 and 9.
PiCT on both platforms for plasma with different argatroban doses produced %RSD values between 2 and 6, especially lower %RSD values between 2-3 values from 1.00 to 3.00 µg/mL argatroban.
Although both cases of aPTT and PiCT yielded promising data, overall PiCT yielded lower variability as compare to aPTT. 
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